We have examined changes in plasma ketone bodies and their related meta-
reported that the plasma ketone body concentration is influenced by fasting (Foster, 1984) , exercise (Sato et al., 1983 ) stress (Kojima et al., 1982) , and food intake (Foster, 1984) . However, there have been no consistent results concerning the plasma ketone body level and its related metabolites such as free fatty acids (FFA) and carnitine of NIDDM, The present study was therefore aimed at clarifying the changes in plasma levels of ketone bodies, FFA and carnitine after the ingestion of a mixed meal in normal and NIDDM using a highly sensitive and simplified colorimetric method for differential determination of plasma ketone bodies developed by the modification of Salway's method (Harano et al., 1983 Salway, 1969 .
Materials and Methods

Subject
Ten normal volunteers and24NIDDM who were admitted to the university hospital participated in this study. Diabetic subjects were classified into three groups according to the therapy required to control their blood glucose; those on diet therapy alone (D-group), sulfonylurea therapy (S-group), and intermediateinsulin therapy (I-group). The patients, whose fasting plasma glucose (FPG) and plasma glucose 2hr after the meal were controlled to less than 110mg/dl and140mg/dl respectively for more than10days during admission, were reexamined and grouped as a well-controlled group. A wellcontrolled group consisted of 9 patients-three from each group. The clinical characteristics of these 
Results
Changes in plasma glucose, FFA and insulin levels after the ingestion of a mixed meal (Fig.1 ) In normal subjects, plasma glucose did not change significantly after the mixed meal. The mean fasting plasma glucose levels of the three diabetic groups were not significantly different from each other (Table  1) , and4h after the meal they returned to near the basal level in the D-and I-group but remained elevated in the S-group. p<0.05), but reached the level of the other groups after the meal. Changes in plasma ketone body level in wellcontrolled diabetics after the ingestion of a mixed meal (Fig.4) The same study was performed in diaabetic subjects whose plasma glucose was completely normalized (FPG<110mg/dl, 2h<140mg/ml) for more than10days during admission. Their plasma FFA level was lower than that of a fairly controlled state (Fig.1 ) and close to that of normal Endocrinol.
Japon. June1987   Fig.4 Harano et al.(1984) . On the other hand, no significant changes in the plasma ketone body level were observed in normal subjects although the plasma FFA level fell significantly2hr after the meal. The ketone body production was essentially regulated by insulin and glucagon through the hepatic malonyl CoA level and the supply of substrate, FFA (McGarry and Foster, 1979) . Fig.1demonstrates the significant rise in the plasma insulin level after the meal. Although the plasma glucagon level was not measured in this study, we observed a significant rise in it for 60 min after the ingestion of a mixed meal (Kawai et al., Submitted for publication). Therefore, the increased insulin secretion should contribute to the postprandial drop in the plasma ketone body level in NIDDM.
Thus, the relative insulin deficiency in diabetic patients was detectable by either the plasma FFA or the ketone bodies, especially3-OHB.
However, the change in 3-OHB was more sensitive than that in FFA, as shown in Fig.4 .
The fasting FFA level of well-controlled diabetics was almost the same as that of normal subjects, whereas the fasting3-OHB of the former was approximately double that of the latter and its postprandial change was absolutely different. Scheen et al.(1984) demonstrated that the interruption of continuous subcutaneous insulin infusion for2h caused a rise in the plasma3-OHB level more rapidly than that in the plasma glucose level.
The fasting plasma glucose level of diabetics treated with sulfonylurea was the highest among the three groups, while the ketone body levels, especially3-OHB, were lower than those of diabetics treated with diet alone or insulin. Harano et al.(1984) also reported that the plasma total ketone body level of diabetics treated with sulfonylurea was the lowest among the fairly controlled NIDDM. These results may be ascribed to an extrapancreatic effect of sulfonylurea and/or a higher insulin concentration in the portal vein under sulfonylurea treatment than that under insulin treatment. Experimentally, Sakamoto et al. (1973) demonstrated that tolbutamide suppressed ketogenesis in normal rat livers and alloxan-induced-diabetic rat livers to onefifth and half of the control, respectively. Boshell et al.(1960) also reported the inhibition of ketogenesis in rat hepatocytes by tolbutamide and they speculated that the inhibitory mechanism may be ascribed to the activation of acetyl-CoA or acetoacetyl CoA.
Carnitine plays an important role in ketone body production, because it is essential in transporting long-chain fatty acids across the inner mitochondrial membrane (Bremer et al., 1977) . The increase in oxidation of fatty acids correlates with the long-chain acylcarnitine concentration in the liver and the plasma carnitine level correlates with the amount of acylcarnitine in the liver (Brass and Hoppel, 1978) . Analysing the relationship between plasma carnitines and plasma ketones, Genuth et al. (1979) found a significant correlation (r= 0.70, p<0.01) between long-chain acylcarnitine and3-OHB in insulin-dependent diabetics. However, in this study we have not been able to demonstrate any difference between the plasma acylcarnitine levels in normal subjects and NIDDM.
These results suggest that the changes in the plasma ketone body level (especially 3-OHB) are different from those in the plasma glucose level in various clinical conditions and that the fasting plasma ketone body level and its postprandial changes more sensitively reflect the metabolic abnormality in diabetics than the plasma glucose level does.
